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POLISHING APPARATL 



5ACKGR0L"XD OF THE IN^''Z^T:ON 
r\t\c of iht Lnv;n:;on 

Thi o:;scr.: invcniior. rcla:c$ '.o a poHscing appirarjs. and 
mors paricularly lo a polishing appa.-2:us :o: p-olishing a 
workpiscc such 'ai a ssriconduczcr wafer to a f:a: rrirror 
P.r.ish. 

Dcscnpuon of Lhc Rc:a;:c .Ar 

Rsccn: rapid proctcss ir. scniconcuctcr ctvics intsjra- 
•Jor. dcT.andj sxaiicr and sciailc: wlhng car.;:7.s or r.tcr- 
conncc'ions and also narrower spaces bctwcs; ii'.crconncc- 
lions which conacci active areas. One o: th: prccessss 
available for forrLing such iatcrconnccuon is phocoUihog- 
raphy, .\i:hough ihc" phoiolitbocraphic process can forzi 
inlcrronnccuons thai are at most 0.5 ;m wide, i: requires 'what 
surfaces on which par.rrr. images are ;o be focused on by z 
steeper 'oc as 'at as possible because the depth of focus of 
the opucal system is rela:ively sxall. 

It is therefore necessary to nr.ake the surfaces o: senicoa- 
ductor wafers fia- for phoxHihosraphy. One c'Js:onar%- way 
of nanening Lhe surfaces of ; semiconductor wafers is to 
polish ujem with a polishing apparatus. 

Such a polishing apparatus ha5 a -umtable and a to? ring 
which ro;a:e a: rcsc-ecuve individual speeds. An abrasive 
cloth is arached :o u"e upper sunace of ±t tumLable. A 
workpieci such as a semiconductor wafer lo be poashed is 
placed oc the abrasive eicth and clamped between ihe too 
hzg and uhe xmtable. D'urlng operation, the top ncg exens 
a constan: pressure on inc nir^tablc. and a siunr> -iike zori- 
sive spray is sprayed from a nortle over the ab.-asive clo±. 
Tne abrasive spray enters the gap *ociwi-n the abr^^ive cloC" 
and the worUpicee. The sunace of 'j^e workpiece held' 
asainj: the abrasive doth is Lherefore polished while Cne top 
r>g and ±t runitable are rotating. 

One knows polishLng device of the abovc-describcd t>7e 
is disclosed in, for example. Japanese laid-open paten: 
pubiicauons Nos. 2-27SS22 and ^^-19065. As shown in FIG. 
i7(c). -j-^e polishing device disclosed in Japanese laid-open 
paten: publication No. 2-27S322 comp.-ises a d.-ive shaft 31 
having* 2 soherical surface 82 at a lower end thereof, and a 
top ring S4 having a sphcricaJ seat S3 which acccmm.odates 
the snhericai surface S2 of -j^.e-driv; shaft 31. whereby the 
toe ring 84 is ailow-d :o follow any tilt in cf a turntable 
surface. 

As shovwT. in FIG. lS(c). the polishing device disclosed in 
Japanese laid-open patent publication No. 19065 com- 
prises a drive shaft 91. an intermediate .member 92 having a 
sohcrical surface 9lc nxed to a lower end of the drive shaft 
91. and a top ring 9^ having a spherical scat 93 which 
accom.mcdatcs thc'snherical surface 92^ of uhe intcrm.cdiaic 
mcm.bcr 92. whereby the top ring 94 is allowed to follow iny 
tilt in of a tum/.abie sunace. 

Ln the convtnuona] roLisrJng appanrjscs c: the type 
shown in FiGS. 17(c) 2nd ISCc). the top rings 94 arc 
liltable wiLh resocet to the sphcricii surt'aces S2, 92c zs 
shown L: FIGS! 11(b) and 13(5). by the arrow A ar.d 
rc:2tr:le about theL' own a;;es as indicated by the arrow 3. 
rcspectivtiy. Tnat is. tr.e top rings S4. 94 can pc.-form 
respective single m.ovcmcnis indic:tcd by the arrows A and 
B and 2 com.^ound movement which is a com.binition of a 
movement indicated by the arrow A and : movement indi- 
C2:cd bv the arrow 3. t^-s fo-lcwinc the turntable surface. 
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A5 shcur. ;r. nc. 19. whir. :hc :oo -nes S4. 94 ar- 
pressed :^%2i-s: chc rj-iable surface 95. vhich":s c-ein*^ ••'k-^ 
:ro-. z T,ozzcn:2l zlzr.t a: ar, zrxiz i -r.cir the fo-c-"^ 
rtspecuvciy, th: :cp rings S4. 94 .-tjov- bv r: arc •-"-■^ V 
r.s?.:: :o the sphcnczi s.-accs S:. 92c :z,o;^^.^ 
^vzez U.C ^-U3.c sur-ac: unccrcoes a sn-!! tili-c -ov:. 
"c-;. ume required for ihe icc n=c :c r:ove thrc-sh ih- 
ire :enain L :s shor.. Hou-cvcr. when i-x nrr.tabic s'-'VcI 
unctrsoes a Icrge cil-d .-novcrr.en: iocally. ii^.c loncc-^j^c 
c:-culi: are ler.g:h L. asc l\c ior.gcr ;he line recuL^ee>o' ih- 
|o? xovc -vough L-.e irc Icnr^: L. As'a rcsu!:' -^l 

low-r sur.ace or ihe :op nr.g carjio: srzcothiv follow ihe 
uliic rr.ove-en: cf ::-:c rjrr.table surfa 
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It :s - -ererore an objce: of the presen: invcncion to rrov-ce 
a pohsmng appararus which allows a tos ring to s.-nootMv 
roliow ui:cc .Tovenient of a pumuble. anc car. L-ans.-r-- the 
20 lorcut of 2 lop ring dhv; jhaf: rciiably to the top ring. 

Aceorc:r.| :o :he prcsen: inv-niion. -here is erovicec a 
?0:isrjr.g appararjs for polishing a surface of a workoiece. 
con:pr;sin3: a iumiabic wiUi ar. abrasive clo-J: nounied cn 
an upper sunace thereof: a top ring oosiiicned above L'^.c 
^ "5 r^.LibiC :cr sunpor.ing the worxpieee lo be polished and 

W pressing il-e workpicce against the abrasive ciolh; a tcp nng 

ffl ^^^^ coupled to a nrs: aevjatir.g me^ns for Dressing the 

^ 13? nng and coupied to second acruaung rr.eans'for rotatin* 

the to? ring: and a sphericai bearing inicruosed bciwcen the 
to? ->-S crive shin for aiiowing the too rir* 
^ ^0 follow a cnznge in inc:inaucn in the surface of uhc 

m n:m:ablc. 

^ The above.describcd polishing unit comorses three sepa- 

hj rate me-bers. nsneiy v,. -cp dr:ve shift, the sobericai 

« ^^"-r-S ^-c the top ring. "H'.erefcre. une :o? ring ea-n foUow 

^ :ne uitec n-.ovcnnent of Lhe rumtabie sntoo-.hJy ar.d cuickJy 

because c: a nigh degree of freedom. Tne work^ie'ee can 
^= ?^^^^c highly aceur^teiy to a f^at xirr^r finish. 
^ Since the top ring rotates ir. syncVjoniiaiion with -he -op 
ffl "^2 c:^ve shaft, the f:at nurror T,?lin given to the workoieee 

Tp, :s of a stable cuaiiiy. ■ 

Q *^°? "-"S ^"^-is a pluraiir,' of sucuon holes ecnnec- ec to 

a vacuum: source for holding une workpiece to a lower 
surface cf the top ring under a vacuum developed bv :he 
vacuuT. source. Since the to? ring rotates in svnchronicauon 
wuh the too ring drive sbi::. it is not necessary for the 
sucticn hole to be :cm:ed centrally in the ;cp 'rinc and 
aligned w::;- , suction bole formed centrally a.xiillv Ir. the 
50 -o? "^-S c--^-- shift. Consequently, a vacuurr. iLne for devel- 
opmg a vacuum in the top rins to at'-rac: the workriece to ihc 
top ring car. be designed readily. 

Tne polishing apparatus iunher comorises to.-cue trans- 
f:^:^tng means including at leas: one first oin mcuniid on the 
55 top r.ng drive shirt and at leas: one second pin m.ounteu on 
tre top ring, and -he n:st pin and the sucond nin are held in 
?o:n: contact with each other for -onsmJtting a torcue :Von 
me top ring drive sha/t to the top ring. Thus, the torcue from 
the top ring drive shaft can reiicbiv be tr-nsmittcd :o the too 
60 nng th.'ough the nrs: and scco.-d pins. Fur.ner. damping 
means may be provided on the nrs: pin or the second pin, or 
on both of the first and second pins, so ihr.t the vibration of 
the IOC ring drive .^haft is hardly transmitted to the top ring. 

T!:e acov: and other objects, ftc.urcs. xnd advar/.r.gts of 
the prcsen: invention -.^ili bcccm: -pparcn: from :h'= foi- 
lowing description o.' illustr^iivc emccdi.m.:n-.s -Jncrecf in 
conjunction wi:^ :be accempanying cr^wings. in which iikc 
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reftrsncc numerals rsprcser/. the sar.s or jL-siizr clerr.cr.ii. 



BRIEF DESCRPnON Or TrE DR.AVvTNGS 

~G. 1 is a lor.girjdir.ai sectional side' view o: -.he pol- 
ishi-g u-i: c: one cr.bocirier.i of a polishing aooaratus 
accordinj -jje present ir.vcncior.; 

FIG. 2 is a pia.T view of ±t ooiishing uni: shown L-. FIG. 

1: 

FIG. 3 is a panial sccuosai vir** of L':e polishir.g acca- 
ra:us accorcins to the present invention: 

FTGS. 4(5). and 4(r) are vieu^s showing the maaner 
in which the polishing unit shown in FIGS. 1 and 2 operates; 

^FIG. 5 is a !ongi;udina] secJonaJ. new of a poiishins ^'^^ 
of archer cn:bodimen: of a ocMshing aooaratus according 'o 
ihc present invention; 

rlG. 6 is a scherr.atic view showing the niamer in which 
a sphcncai btzrir^g of -je polishing unit operates; 

FIG. 7 is a iongicudinai sceuonal vicw of a potishing unit 
of s-iK; another cn:bodimen- of a polishing apparatus accord- 
ing to the present invention; 

FIG. S is a plan view of -Jne oolishing unit shown in FIG 

7; 

FiG. 9 is a cross-sccuona! view of a bearing uni: of a top 
ring drive shan according to the present invention; 

FIG. 10 is a crcss-sectionai view of a pressure adjusting 
mechanism for establishing the pressure disir'buucn at a 
lower surface of a top ring in a polishing appararjs accord- 
ing to the present invention; 

FIG. 11 is a longinidinai scciionaJ view of a top ring of a 
poiishLng appararjs according to the present invention; 

FIG. 12 is a longitudinal secucna: view of a -oz ring of 
another en:bodir:cnc of a polishing apparai^s according to 
the present inven*jon; 

FIG. 13 is a iongitudinai sectional visa- cf a :co ring of 
suJ) anoLner enibodi.'nent of a polishing apparatus according 
to the p.-esen; 'Invention; 

FIG. U is a longiiudinai secuonal view of a L-ansfening 
device incorporated in a polishing appararus acncrdLns to ihc 
present invention; 

FIG, If is a schemaiic view showing the manner in which 
the transferring device shown in FIGri4 operates; 

FIG- 16 is a schematic view of the pciishing aopararus 
shown in FIG. 14 combined with a washing urut; * 

FIG. 17(c) is a schcn-.atic view of a conventional noiish- 
Lng unit of a polishing appararjs; 

FIG. llCo) is a view showing i-e rr.anner in which ±z 
polishing uni: shown in FiG. 17(c) operates; 

FIG. 13(c) is a schematic view of another conventional 
polishing unit cf a polishing device; 

FIG. l.S(o) is a view shewing the r.anner in which uhe 
polishing unit shown in FIG. lS(c) operates; and 

FIG. 19 is a view showing the r.anner in whJch the 
polishing units of the conventional nolishing ancaratuscs 
show- ir, FIGS. 17 and IS operate. 

DETAILED DESCRIPTION OF TE-iE 
PREFERRED ENQODLNIENTS 

AS shown :r. FIGS. 1 and 2. a poiisrJng urit of a oolishing 
apparatus according to the present invention co.-norises a 
vcr.icai top ring drive sha/t 1; ; woricoicce sunaoning and 
pressing .-ember comprising ; top ring 3: and a soherlcal 
bearing 2 inte.-posed bctwc-- --.c ;oo r.r,t drive shaft 1 and 
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the :c? r>e 3. The :op rir.g crve ir.ih I hii 2 ccr,',-z! 
spher;c2l concsvs surficc li forrr.tc a iowc: :-c -j-.trco; 

• ir.c h::d in sl-dins conizc: '.v::r, \zz sphzrzzl bci-ing 2. Tr.s 
:cr nns 3 comprises zr. \:'ppz: :op ring cr.T.bc: 3-1 zr.z a 

5 iow-r ;op ring -c-.ber 3-2 ar-2chcd io'l':: Iowc: jurt'act 0: 
■he 'jppe: :op ring member 3-1. Tr.t upper tcp nng member 
3-1 r.25 a ccr/w'il spr.rriczl cor.czve s'jrface 3- la fc-mec ir. 
an upper stjirfacc ihereof a::d held in siiding cc=:ac: wi:h ihe 
sphcncol bcarr.g 2. A wifcr rctair.ir.g ring 5 is mounted on 

10 £ jowe: surface of ihz lower top ring" member 3-2 aions its 
outer c:rcum.feren::al edge. 

The iow-r tc? ring member 3-2 ha5 a pluraiitv of verjcal 
suc;:on holes 3-2c formed therein. Tr.c verJca! sucuon holes 
3-2£ are open a; Lie lower surface of ihe lower top ring 

15 r\t:r:ctT 3-2. i ne upper top ring mcm.ber 3-1 hzs a piuraiity 
of suczion grooves 3-13 formed therein and com.municaung 
with une suctics holes 3-2c. respeeuvely. ar.d a pluraiiiy of 
suction holes 3-lc (four in ihe illusL'-atcd em.bodi.men:) 
formed therein arc com^m»un:cating wi-ji ;he suction grooves 

20 3-li?. Tnc suction holes 3-lc are connected through rube 
couplings 9. vacuum, line :ubes 10. and tube couplings 11 to 
a cenL-ai suction hole ib forced a-xially cenraify in the top 
ring drive sha/i 1. ' ^ ' ' 

Tzz top ring drive shafi 1 has a raciaily ou:wardly 
extending nange Ir on iis lower end from wruch a piuraiity 
of torque L-ansm.is$ion puns 7 (four in the iilusL-ated cr.bodi- 
m.eni) extend racially outwardly. The upper surface c: the 
upper top ring mcm.ber 3-1 has a piuraiity of tcrc.ue L^ans- 
mussicn pins S (four in the iilus'cated em.bodim.en:*) project- 

30 ing upwardly i-to poin: comae; wiun the torque u-an$miss:on 
pins 7, respect: vciy. As shown in FIG. 2, when une top ring 
drive shari 1 is rotated about iis own axis in ±z direction 
• indicated by the arrow, the torque ransmJssien pLns 7 are 
held Ln pcin: contact with the torque transmJssion pins S. and 

25 cause the -top ring 3 to roiate. Even if -Jnc top ring 3 is tilted 
relatively to the top ring driv- sha-'c 1. the torque u-ansmJs- 
sion pins 7, 3 rem.ain reliably in point-to-pcini'contict with 
each o'vher. aJthcugh they may contact each ether a; ciJcrent 
posi:ions as locg as the top ring drive shaft 1 is rctaied. 

•A semiconductor wafer 6 to be poHshed by ^ne poiisrung 
apparatus is accom.modated in a space dc.nnec between che 
lower sunace 0: the lower 10? ring m;em;cer 3-2. U-.e Inner 
circumjereniial edge of the waier reuining ring i. and the 
upper surface of a tumtibk 20 (see rlG. 3). The turntable 20 
has an abrasive cloih 23 disposed on its upper surface for 
polishing the lower surface of uhc semJconcuctor wof-r 6. 

Ln operation, une rumtabie 20 is rotated and the ;cp ring 
drive shaft 1 is rotated. Tne torque of u^e ;op ring drive shaii 

,g 1 is L-ansmJued '.0 the ;op ring 3 through point contact 
between ine torque u-ansmission pins 7. S. ihus rctaung the 
top ring 3 wi-j- respect to the rumtablc 20. T-.e scmJcon- 
duc:or wafer 6 held by uhe top ring 3 is thus polished by the 
abrasive cloth 23 on the turntable 20 to a f;at m.irrcr ftnish. 

55 A tcp ring holder 4 is mounted on the nange Ir of the top 
ring drive shaft 1 and .'-.xed to che top ring 3 by a piuraiity 
of vcr.icai bolts 41 a-hich e.'ttcnd through said top ring 
holder -; a?.d are threaded into une upper top ring m.em.ber 
3-1. Com.prcssion cot! springs 42 are interposed between the 

<C heads of the bolts 41 s-d unc tcp ring hciccr 4 for normally 
urging the tcp ring holder 4 to be held downwardly agains; 
the flange le. Whc.-: l".c top r.r.': drive shar. 1 -^i-s. the ton 
ring hnidcr 4 is elevated. ti*.e com.prcssion ceil springs 4 2 
serve to ;;cep the top ring 3 hcriionuul;' for thereby faciii- 

£< tating .-^.tt.-^.ch.ment md removal of the :;cm.: conductor •A :t':;r 6. 
FIG. 3 shows -he polishing appar-tJi -^hich incorpcrares 
the polishing unit shew- in riGS. 1 u-u 2. As shown in TIG. 



3, \hc turr.:ab;c 20 is iupponai or. a ctaL-i $ha:i 21 ar.d is 
rouuble ibou: Cic a:iij of iht shar 21, a v^.\z'z\c riz^ 22 
for ?rcvcr.u=s a siur:>-.li:>;c abrasive sprav or ir.t fikr L-om 
bcL-g scancrcc arou-d is r:our.:cd on Liz uooer j-^-facc of 
Lie lunLibi; 20 along iis ouiir ci:zz:rJz:tkli^ cccc. Tcs 
abrasive cloth 23 is nosi:icr.sc on l-z upper s7r:ac5 of \hc 
r^^.cibit 20 racially inwardly of C'.t r^niiabii r.z% 22." 

Tr.z poiishir.g urJ: shown in FIGS. 1 and 2 is locatsd 
above ihz nmtabic 20. Tnz top ring 3 is orcsssd agains; :hc 
cumtacic 20 under a constan: p:tzi:iTz by\ top ±:g cviir.dcr 
12 which houses a slidable piston iha: is ccn.necred'to c-e 
upper end of ±c top nng 'drive shaf: 1. Tne^polishLng 
appanrjs also has a top rlns actuater 13 for rctaiLng the -op 
dzz drive shar. 1 through a u-ansn-.ission mecharism co=i'- 
phsing a gear 14 rued lo the top rin^ criv: sba:; ^ 
16 coupled to the output shar. of the :oz rln? actuator'l3 ^nd 
a gear 15 nieshing wiih 'Jnc gears 14, 16, .iln abrasive s'tjTav 
nozzic 17 is disposed above the rumiabie 20 for soraving ai 
abrasive spray Q onto the abrasive ciocb 23 on the rl— ->b'- 
20. . " 

Tae polishing apparatus opc.-a:c$ as follows. Tne semi- 
conductor wafer 6 is attached under a vacuunn to Lne iow;r 
sunace of une lower tcp ring rr.en:r«r 3-2, and Dressed 
agai.nst the abrasive cioth 23 on Une turntable 20 bv'une top 
r>g cylinder 12. At this tinne, -Jne turr/.abie 20 is rctaTed'by 
±t sha-^ 21. and uhe top ring 3 is roia:ec by ;he top ring 
aca:a:or 13. runher, Oie abrasive spray Q is soraycd from une 
abrasive spray nozzle 17 onto the abrasive cloth; 23. The 
ejected abrasive spray Q is retained by the abrasive cloth and 
applied to the lower surface of Cne semiconductor wafer 6. 
The semiconductor w-a:;r 6 is polished in cor.uct wi^- ±z 
abrasive cloth 23 impregnated w-ih the abrasive spray Q. 

Vrnen the upper surface of -he nzmtabie 20 is slizhUv 
tilted during polishing pf the se.miconductor wa/-.-. :hc too 
ring 3 is tilted about the spherical 'zc2r,:\g 2 with rcscect to 
the top ring drive shaft 1. Howev:.-, since Une tcrcue L-ans- 
mission pins T on the ;op ring drive shart 1 arc held in 
poin- -to-poin: contact wi:h the torcu: transmission oins S cn 
the top ring 3, Lhc ;orqus from the lop ring drive shaft 1 can 
reiiaciy be transmitted to :he tcp ring 3 throush the tcrcue 
trans.missicn pins 7. S. aithough they may contaci each otl^.cr 
at di^crcn: positions. 

RG. 4 shows an occ.-aucn of the cciishinz urit of ±z 
polishing apparatus showr. in FIGS, 1 "tl-j-ough 3. As shown 
12 FIG. 4(c). the polishing unit comprises of three separate 
m^em.bers. nam.ely a top ring drive shaft 1. a soherlcai bearing 
2 and a to? ring 3. Tne spherlcaJ bearing 2 is mjce cf 
ceramics, and the top ring drive shaft 1 and vte top ring 3 
have respective concacting porions .made of stainless steel 
wlnich coni2Ct the spherical bearing 2. respectively. 

Therefore, as shown Ln FIG. 4(3). the top rine 3 is Uiiabie 
with respect to the spherical bearing 2 as indicated bv :hc 
arrow a and rctatabie abcut its own ar.is as indicaied by ihe 
arrow 3. rurrhcr. the sphcrlcai bearing 2 is rctatabie about 
i:s own ccncer as indicated bv the 'arrow C. Since :hc 
spherical bearing 2 capable of performing a free movement 
:s imerposed between the top ring drive shaft 1 and the top 
r:ne 3. the degree of freedom, is greater than that in the 
conventional apparatuses sho^-^r. in RGS. 17 and IS. Thus, 
the top ring 3 can perform, respective single movements 
indica=d by the amows A. 3 and C as wcl'l 25 co.mnound 
movements which arc a combination of the single move-, 
mcnts. thus enabling u-.e poiishing unJ: co follow the ?jm- 
tabic su.'tacc smoothly zr.z cuiclc'y. 

V'.nen the totj ring 3 is pressed against the tum.iabic 20 
which is being :i\:zz from 2 --or.zzr.:2l plane - an angle a 



'jnccr :hc fore: F zi shown in HC. 4(c). l-.c ceo nr.g 3 -lov-, 
ry ar. 2=pirtn: c:rcj:ar ere Icngi-. L, Sfr.cs :hc n-c--^* 
bearing Z has ccr=c$ of .Tccdom wi^h -sccc; :c :oi ini J- 
:op r.r.c 3 bu; aJsc ihc ic? ring criv- ihzr. 1, l-.c so-ic-" 

3 2cir.ng 2 csr. novc urJ: :csc<c: to C-- :oo nr.g cnVc 
i. Tns lop r.ng 3 ind :ht :cp nnc drive shiT: i hav- 
rcs?cc:ivc coniacJng ccnions which' conrac: ihc jn«..-c.i 
ccir.ng 2 ar.c have :ht sir.c coc{nc:en; of fric:ior.' Tr-cZ 
■or:, when ihe :op ring 3 is bsing u!:rd bv an angle a Vi-- 

:o rcspcc: lo the tun:iacic sunacc. Lh: sph-hcaJ bc-^-ne -> 
rr.ovcs by a.- arc length L/2 with respect lo C^t toe rjiVdrivI 
sr.afi 1 and rhe ■ cp ring 3 car. aJso rr.ove bv an arc icnc^-h L'-* 
with rcspcci lo the sphehcai btaring 2. 7>.us. the to/ring 3 
can loilow ^he lurr.Lablc surface in onc-hal: the ti.T.e o: Lhe 
^^"^•^••icnai polishing appanrjscs shown in ?!G5. 17 aid 

Fur.her, when the top ring 3 is pressed igains: the ibrasiv- 
cioL': 23, vibrauon nay be generated cue to fnciion bciwecn 
•the scrucor.cucior wafer 6 and the abrasive cio:h Eir^cfaii v 

20 as the friction between the top ring 3 and the abnsivVclcLh 
23 is varied frorr. static friction into kineuc incion a: the 
beg-nnir.g of ro-j*Jcr., s'Jclc-slip occurs to therebv ca-jst 
rotauonai LrreguJarity. resulting in vibraJon of the toe ring! 
Ln the conventional poiishir.g apparatuses show- in'FiGS. 
17 md 18. vibratior. caused by ir.t rota-ion of the tu-::b':e 
is easily Lransnic-ed to the top nng drive shafL 

According :o ths present inveniicn, vibration caused bv 
the rotation of the :ur?.iable is hardly transr.iited to L-ie :cp 

30 "^"S Grivc shaft I because the sphrricai bearing 2 has a 
degree of freedom: in a rotauonal cL-ecuon with resecct to 
the top ring drive shaft. 

FIG. 5 shows a polishing uni: of a .-nccined embcdunc-.i 
of the present inveniioc. As shown in FIG. 5. the ociishfng 

3, u.^Jt his a top ring 3 which is cevoi'd of any sucuon holes and 
suction grooves, ord a top ring drive shaft 1 chat ha! no axiai 
suction hole, iherefore, the to? ring 3 shown in FIG. 5 :s 
u.nabie 10 a-L'act a senuconductor wafer 6 tc its low:r surface 
under a \-acuu-:. The other details of the polishing" unit 

^ shown in r:G. 5 are identical to those of the polishing unit 
shown in riGS. 1 and 2. Even though the top ring 3 ca-not 
anrac: the serriccnductor wafer 6 under a vacuum, the 
polishing unit is stiil capable of eoiishine ute sexiconductor 
wafer 6 to a f.a: rrl-ror .*:nish. 

^ Vv"nea a scruconductor wa:'er is polished to a f:a: nu.Tcr 
n.nish by :he above-described cmbodi.-nents. the outer cir- 
cuniferentiai edge of the senueonductor wafer is prevented 
fror. being excessively rounded. .More spcci.-.caily, inas" 
rtuch as the top ring 3 is supported on the 'low-r end of t^-.s 

iO top ring drive shaft 1 trj-ough ihe sphericai bearing 2. 
sL'tSizt arc developed ia Lhe top hng 3 in di.-ections toward 
the center O of the spherical bearing 2. and the .•neanitudes 
of those stresses away fron^ the center 0 of the soherical 
bearing 2 are snr.aller uhan those near tbc center 0. as shown 

<5 in riG. 6. 3y chocsi.ng a top nng 3 of a suii:blt .ngicity, 
ihose portions of the -op dng 3 disiant from :he center 
tiiereof arc ccfomied upwardly :s incicaied by '-he dot-and- 
dash lines in FIG. 6. As" the pressure is concentrated near :he 
center of the top ring 3. uhe cu:er ci.-cc.T.fce.rJai edge of :he 

60 scnuconductor wai'er .-ay be prevcnicd .Vom bein; exces- 
sively ground off. 

In Lhe en^bodinent shown in FIGS. 1 and 2. -.he torque 
transmission pin 7 on the top ring :;nve sha:': I con::c:3 ihe 
torque ransmission pin 8 on :he :on rin^ 3 cirec:!v. -.vherebv 
55 vibration of the top ring dnve sha:; I is ci:cc;!y iranimi-ed 
to the top ring 3. thus edverseiy ::T:e:ir.^ l-c polishing cf :he 
$eriicond-c:or we/:- order :o prcvc-; viKj-^.j^- — 



triag L-ar.jriii'.cd fro— Lhc cop ring crivc^^Fl :o j:c :oz 

nr.s 3. ciajiic -er:bt: 31 such as a .-vb:tr r,zz\'zz: is 
mour.;id. 25 shown in FIGS. 7 and S. cn ;hs icrcut ms- 
rrJssior. pin 7. sc i-.a: L".c :c:zuc Lrir.srrJssicr. pir. 7 cr.cigcs 
•j-.c ;orqvc -.'ir-smissio: ?ir. S through '.he ciisuc — c.T.bcr 31. 
Tht vibra-ior. of chc ;o? rir.s drive shir. 1 is ibscrbcc by -s.z 
cias-ic -crr.btr 31 aad is hardiy L-ar.srun:d co :hc ;op n.-g 
3. Ths elas-ic r.tmbtr 31 rtay bs .-noun:;d cr. ih; torc/ji 
L-ar^rissics oir. S. o.' o.- bor. of -J-.c ^orruc rar.srJssici 
pins 7 and 8.* 

L- ores: :c carr.psn N-ibra-.ion of -J-.; ;cp .-ing crivs shar 
r.crr snectiv*:'/. an O-ricg 32 is ir,;£r:oscd, as show.- in 
FIG. 7. bcrwt-n a radial bearing 33 for supporir.g :hc top 
nr.g crivs sha;*. 1 and a s'-aucnar>- r.s-bc.- 35. r.xti lo a 
:.-a.-£ (-0; shown), for supporting ihs i^diai bearing 33. Ths 
O-nng 32 consu:u;ts a dar:p:ng mccbarJs- which dan-ptns 
iht vibration cf ±t top ring drve shaf: 1. 

FIG. 9 shows ar.o'j!i: dar.ping r.scharJsr. 34. As shown 
in FIG. 9. :wc 0-rlngs 32-1, 32-2 which art spsctd f:or. 
each other art inierpcsed bciwcen :ht radiai bsarlng 33 a::d 
ihe s:a::o-ar.- T.zrr.btr 35. An oi! reservoir 35 is provided ;o 
supp:y oil R :o a space dsnned by Cnc O-rings 32.'l and 32-2, 
the radial bearing 33 .and ±z siadcnar.' mcnr.bcr 35. 

T'z vib,-a:ion o: -Jzz tcp .-Ing drive shan 1 is absorbed by 
'jie dampi.ng — tcnznis- 3-: comprising ;hc O-rings 32-1. 
32-2 ar.d '•he reser/oir larj; 36 for supplying oil R -.c uhc 
space dc.nncc by ±z 0-rings 32-1, 32-2, -he radial bearing 
33 ar.d •j:c s:a;icaar;' .-nember 35, 

In FIGS. S and 9, Lne damping ,-necharism ccncrising the 
Oring 32 (FIG. S) cr Cne car-ping rr.echarism 34 (FIG. 9) ii 
provided br.w-een :he r^ciai bearing 33 and ;he s'ji'Jccary 
—ember 35, However. -Jie campLng mechanism zr.zy be 
provided be'.ween Unc top ring drive shafi 1 and ihe mdiai 
bearing 33. 

In order ;o polish -re workpiece urJfcrmiy. :: is necessary 
io cc'jaiize the p.-ess-re distribution of :he lower surface cf 
:he lop ring 3. FiQ. 10 shows a wo.^-kpiece izzzcrl'z ar.d 
pressing m.ember iha: inciuccs, in adciuon to :h; :op ring 3, 
a pressure adjusting m.echarusm for cisributing thrust 
equally oyer - he lower surace of the top ring 3. The pressure 
adjus'ing m.cm.ber 37 is interposed between the spherical 
'DZ2r.7.g 2 and the top ring 3. The pressure adjusting m»ember 
37 hai a circular upper projeciion 37;: at an upper surface 
unereo: and an annular iower projection 37c at a lower 
surface thereof. Tec upper projection 37i: ha^ a cen-rai 
spherirai ccr.cav: surface fcr accomjnodating the sehericai 
bearing 2. arc the lower p.-ojection 373 coctacis the upper 
surface cf the top r.'g 3. The pressure distribution of the 
icwer surface o: :he :op ring 3 is es:abl:shed cn the basis of 
:he area cf the lower prcjeciion 373 and the top ring 3. That 
is. in FIG. 10. the oressure distributor, of the icwer surface 
of the ;ep r^ng 3 is estabiishcd by the :a:io (d/D ; of an inner 
diameter (d) to an ou;er diameter (D), Incicentiliy. in FIG. 
10, a desired pressure distribution a: the lower surface cf the 
top ring 3 .may be established by m.akinc d=0 and seieetinc 
an appropriate oc-.er diam.eter (D). 

Tnc pressure adjusting mechanism is not :lmi:ed io the 
pressure adjusting mc.m.bcr 37 shown in FIG, 10 bu: m.ey 
com.phse an air bag or -.he like whJch is provided be'.ween 
:hc p.-assure adjusting m.em.her 37 and :hc top rini; 3 and 
cxcprs a urufomniv c\s-^.'2\::zz nrassurc cn the upper surface 
of :he :cp ring 3.* 

In :he embodiments shown FIGS. I and 2. :nc FiGS. 
7 and S. 'hie top ring 3 has a plurrJiiy of sucuon holes to 
i:tra:: :h: sem.ico.nd'jc:or 'A*a:":r S -hereic. FiGS. 11 hrc-gh 
13 she-A- diJemn: top -ings :::ord:nc \z various cmbcdi- 
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r::cr.t5 of 'he present ir.vcr/Joa. 

In FIG. 11. ; ;op r-.% 3 is c: 2 -jrJ-^-v- scnjcrj- zr.z has 
a pluriii'.y 0: sucdor. hc'.rs 3: (four ar- prcvidcd in che 
t=^boc:r:cr.::; iach having a lascrcd iowc: end whose dl^-^' 
t:z: 0 ranges rron: 0.5 .tjt. eo !.0 and which is ccc^n 
the boucrr. su.-facc of Lnc :op r>g 3. Tnc sucuon hoies'3'"c 
com-uxca:e wi:h '.he resrer.ive vacuu.T. line *ub-s 10 
ihrouch ;hi vSzt coupiinss 9. 

According :o :he cmboci.-ncr.: shown in ?:G. 12. a to? 
nng 3 con-.prses an \:ppzT lop ring mc.-r.bcr 3-1 and a lower 
top r.ns .T.e.-nber 3-2. Tne lower -.or ring .-ncn:ber 3-2 hai ^ 
?iuraJ::y of suc::on hoies 3-2^ having -jperec lower ends 
cpe.ni.-i a; :he lower surface thereof. Tnc upper -oo rng 
mer.ctr 3-1 has a piuraiiiy of suciion rroovi:i 3.I5' con:, 
n-.unicaiini w::h •j:c rcspccuvc sucuon hcies 3-2^. Tne 
sucuon ircoves 3-13 also co-r.-jn:ca;c with the four sue- 
lion hoies 3-lc r.a: are forn:cd in :hc upper tc? nng mc.T.ccr 
3-1 and held in ccmriurJcauon with ±c rescec:ivc vacuu.T. 
line rjbes 10 :r--ough the n:bc ccuplinss 9.* 

In rlG. 13, a top ring 3 con-prises m c:;p:r too .ring 
member 3-1 and a low-r top ring mer.ber 3-2 which is of an 
annular shape. A top ring pia-j: 3.2s nude 0: a porous 
ccraniic spray wi;h a nur.ber of pores is nued in the :ower 
top ring .-neniber 3-2*. The upper ;o? ring r.cmbcr 3-1 has a 
plurality 0: sucuon grooves 3-13 co.-rr.uni eating wiu* :he 
^ pores c: the -op ring plate 3.2c. The sucuon -rooves 3-13 

Lj also corvnunicate wiih the four suction holes 3-lc -ha; are 

m forr.ec in the upper top ring r.e.T.bc: 3-1 and held in 

coaur.uricauon with ihe resDcetive vac-jur?. ::ne tubes 10 
™ Lhrough the rube couplings 9. 

Nex*^ a ransfe.-ring device 66 incorporated in uhe poiish- 
apparams .^cr transferring a serru conductor wafir*:o and 
1^ ' fror: ihe top rng wii! be described :e:ow w::h reference to 

V ^ICS. 14 through 16. In FIG. 14. a disk-like base 51 has a 

yj " plurality of supports £2 at the upper circumfcrcniiai surface 

r " thereof. A pad 53 is a:tached to the supc-or. 52. A suction hole 

~ -'^ ^ sucdo?. hole 53a are fcrir.ed in ±t sucoc.-: 52 and 
'17: ^".2 pad i3. respectively. Tne suction ho:e iie and the 

.5 suction hole 53:: which co-^unica-e with each o^hcr also 
H * communicate with a vacuur. line rube 55 through a ccuoiing 

m 

^fl — • -iS- =1 is fLcea to an upper end of a shar. 56 wrich 

S.I ^s siidabiy suppcned by a s:eeve-like bearing 57 nxec to a 

bearing i^ousing 5S. A spring 60 is interoosed between the 
shaft 56 and a spring retainer 59 fjzzc to the bearine housing 
5S so that the $ha;*t 56 is urged ^^^^-icily. Tne soring retainer 
59 has a thread, on the outer pe.-irher.' tivcad. which is 
ibreaded into a ;appcc hole formed *:n the bearing housing 
CO ^8. Nuts 62 a,-e tiveaccc ever the lower end of the sinaf: 56 
and contact a stopper 61. and hence the shaft 56 is ereventcd 
- from being lifted by the spring 60. The bearing inousing 5S 
is nxec to a :cr^ z:z e.nd of an arrr. 63 wi-iich is mov:d up u.nd 
down by an. e:eva:or ^4 as shew- by :h: arrow 2 in F!G, 14. 
. Tne u-ansferrinc device 66 oce.-ates as fo!:ow$. a seru- ' 
conductor wafer 6 is placed on the pad 53 and is attracted :o 
the pad 53 when the vacuur: line tube 55 is co.Tjnu.nicatcs 
with a V2:.jur: source (not sinown). When a oressure such 23 
an impact .^orce is appiied tc the base 51 tivough ti-e pad 53 
jC ind the suppon 52. the shaft 5(> is lowered against the u.-ging 
force of *-^e spring 60. Ti-.at is. the sleeve. n;;.- bearing 57. :i-^.e 
bearing i-.ousing 5S. the spring retainer 59 and the soring 60 
jointly ccns-Jiute 2 shcc;< absorber An 0-ring 51c*is inter- 
posed between th: 52 and the base 51 .'"or eC"ectLng 

a5 ^ sea: therebetw-c-... 

rTC. 15 shews ;he mnnno: :n '^'r.lzz runsfcrring 
device 60 si-.ow- in FiG. 1- cpe::i:s. v. acn the tcp ring 
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dive sha*: I is citva-d logzihzr with tSctoz hr.g 3 arc -Jnc 
:op fj:% holder 4. ihs soring 42 .r.iir.Liir.s' ;03 rinc 3 
horiioccaJiy. Tnis rj3c:ic= is cfcrJv- x L-s-jfcr th- sc-- 
concuctcr wa:-r 6 from the :op r>c 3 :c i r.ex: process or 
n-or: a prececL'-.c process :o U-.e :op -'r.c 5. 

Tc amc: -.he scr-.icor.cucrcr wajcr 6 tc u-.e iowcr s-jnzce 
o: -Jie top ring 3, Lhc sucuon hcie \b provided a- -jic ce— 
ponion o; icp ring drive sha:: 1 comnuiicres v/i:h ihe 
vaeuu-. source. *:-.ereby aspirzung ai" tlvcush a- suction 
ho»cs 3-:c of the lower -op ring me-.bcr 3-:. A: ihli ur-e 
•he se-;ccncuc:or wartr 6 placed on uhc zic 53 is s'tvai-d 
by sit clevror Wn-n the sen-Jccnducior -^^-fcr 6 reaches 
the icwcr surt'acc o: :he top ring 3, r.: se-i=onc-je:or wnfcr 
6 ;s ai:rac:ec :o the lower surracc c: :hc :c:? rinc 3 bv the 
vacuur.. 

At this ::-e, :he base 51 is subject :o a dcu-n^-arc force 
anc IS pushed dcA--, but this force is absorbed bv the 
dowr/A*a:c movc-rxni of the shaft 66 asaics: :he ur»-n»'"o-c- 
o: -^.e spring 60, Tnerefore. the serucor.ductcr ^^ zftT I :*s nc^ 
subject :o an impact force. V.- hen the semiconductor wa/cr 6 
IS transferred from, -hs top ring 3 :o the s-ansfcrring csv-ce 
66. r.e pad 53 is brought into contact u-iih L-.e io^er surface 
of the sem.iconcuctor -aTtr 6. simuliancousiy ihe sucJon 
hoie lb is disconnectrd from the vacuum source, and the 
vacuum line iub« 55 com.municaies ^'iir. the vacuumTource" 
Hence, i-.e semjconductor wafer 6 is attracted to :he pad'53* 
U At this time, even though the base 51 is subject to a force and 

CO ^^ihzd ccwr.a-2rciy by the top ring 3. trJsVorce is absorbed 

a '^y cowT.wsrd m.ovc-nent of tine shaft 56 against the urg-'n« 

^ force of the spring 61. Therefore, th: sezuccnductcr wafe^ 

^ 15 co: subject to an impact force, 
g SL2ce tine pciishJng appzrarjs is ?:ov-iced with the rans- 

*r ftTT.-i device 66 inciucLng the shock abso.'ber. ev=n a 

s;cpp:2g motor is used as a driving m;o:or of the elevator 64 
M stepping =otor docs not iocse synchronism. The shock 

5 absorber is not limited to a m.echa.-ism usine a scrir.g but 

may utilize various mechanusms which can absorb an imcact 
m ss:n;co=duc:or wa/cr is ransferrcd. 

FIG. 16 jhcws the pciishing apparatuses sho-m in FIGS, 
14 ind 15 com.bined wi'.h a washing unit. 

^-^C. 16. the transferring device 66 is 
^ dis^Oicz at a loading sice of the semiconductor wafsr th- 

%j inzv:c:riz^ device 66 and a washing unit 70 are disroscd at 

an unloading side of the semiconductor wafer, 'and the 
cxzmubie 20 is disposed be:wccn ths loading side and 'j\t 
unloading side. \Vhcn the arm 63 is elevated by the elevator 
64. u-.e semjconductor y.-ai*er 6 placed on the transferring 
device 66 is attracted to tine lower surace of the -op r.r.z 'j. 
V^ni-e the tum.ubie 20 is being rotated by a mcto:" 68 
through a transm.ission mechanism, 69. the semiconductor 
wafer 6 is attached by a vacuum, to L-.e lower surface of ie 
CO? .ring 3 and is z:zi%zd against the abrasive cloth 23 on the 
rumtabie 20 by tite ;op rs.^ cylinder 12. Tne semJcc.-cucto- 
wafer 6 is polished in contact ^i-^. the abrasive c:c-h"l3 
im.pregnated wi:h the abrisive m.aieriai. During the octra- 
tion. the top ring 3 is rotaied and the semiconductor •j.-afer 
6 is b.-ouxh: inio sliding conuct wi-.h the abmsive ciotii 23*. 

After the semjconductor wafer 6 is poiished. the semi- 
conduutcr wr'cr 6 is received by the u-ansferring device 66 
at the unloading sice. Tte semiconductor wafer 6 on the 
tr^ns.'^rri.-g devic: 66 at the unload side is ccnvev-d to the 
wa::rJng unit 70 by lowering the a.-m 63. Tr.z wasrjng .-j; 
70 is pro^^ccd with a I2r:< 71 for contairJng washinc 
solution W such as pure wc;er. ar.c feed rollers and washing 
rollers 72 disposed in the tan< 71. Th: semjcond-cta: aafer 
6 is Wished whiie being zzr.^^ zyzz by th: :ced rollers 2s.t the 
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Wishing rollers 72. 

Workricccs -J-.z: car. be polished by pciishing appa- 
ratus 2c;orc:r.c :o z:t%zr.: ir.vtnuo.-. 2:z no: iim;:cd :o 
Si*-icor.C'j=:o: -A'ifcrs. 

Tnc polishing ipparatus sho'^r. in FIGS. 1 -hro'jsh 16 
otTc: \zz foliON^ir.g adva-ugts: 

(1) The top rine 3 and C-it to? hr.g criv* shar: 1 :o:aic in 
synchroniiiiior. ^iih each c:her while :op ring 3 
follows any diced movcnisn; of ihs lumtafclc 20. Con- 
sscvtnUy, I'r.t scmiconcuc-or wafer 6 czn b« polished 
highly acrura-ciy co a na: rri-ror firjsh, i2C ihz quaiiry 
of :ht polished sunace is ixade stable. (2) Since uc top 
ring 2 and :he top nr.g drive shai: 1 rota:e in synchro- 
rism with each o:her. a vacuum line extending from L^.e 
15 top ring drive shaf; 1 lo the top ring 3 and a pressure 
line for applying a pressure to press ±z top ring 5 
agains; •J'.e tumiabie 20 can be designed easily and 
freely wither: undue iim::a:ions. 
{5} Since :he torque L-ar.sniission pins 7 on :r.c top ring 
20 drive shar. 1 are held Ln point contact wi± the torque 
ransmission pics 8 on the top ring 3. 'jie torque from 
the top ring drive shift 1 can reliably t< transmitted lo 
tine top ring thjough the ransmission pins 7, S. alunough 
they may comae: each other at diferen: posiiions. 
25 runher. camping m. eans m.ay zc provided on mc torque 
transrussicc pLns 8 ca the cop ring 3 or on tne torque 
transmission pins 7 on ihe top ring drive siiaf: 1. or on 
bo"-h of the -winsm.issicn pins 7, 3. whereby vibration of 
ir.z top ring drive shan 1 is Inardly L-ansmit:cd to the top 
:o ring 5. Since 'j\z dam^ping m.eans m.ay be pn\idzd 
between ine top ring drive shaft 1 arc Lhe radiaJ bearing 
33. or between the radial bearing 33 and the stationary 
m.em;ber 35. v-ibracion of the . top ring drive shaft 1 is 
hardly ransmitted to the top riag 3. Cocsequcntly. the 
35 sem.icor.ductor wafer 6 can be polished rugh!y accu- 
rately to a .^.a: mJrror nnish. 
(^) Since tine pressure adjusting means m^y be provided 
>efjt-een the spherical bearing 2 and the top ring 3. the 
pressure a: the lower surface of the top ring 3 is 
"0 dis'-ributcd equally, and thus ±z semicocductor wafer 6 
can be polished ivighly accurately to a 3at mJrror nrisb. 
(5) Since shock absorbing means may be provided on the 
crar.sferring device 66 for L'ansfeming the semiconduc- 
tor wafer 6 to and from the top r.zi 3. i com.plicated 
pressure adjustmeot of ti-.e top ring cylinder 12 for 
pressing the top ring 3 is no: requL-ed. runner, the 
semiconductor wafer 6 is protected from, prcss'^re- 
induced cam.age when ue top ring 3 is pressed against 
±t semiconducior wafer 6 when Lhe semiconductor 
wafer 6 is L-ansfcrrcd. 
Although cenain prefc.-red em.bodim.en'j of Lnc presen: 
invention have been shown and described in ceuii:. it shcuid 
be understood ^na: various charges and m.odincations m.ay 
be m.ace therein wiu-cut dcpanir.g from »he scope of *i:e 
appended ciaim.s. 
What is claim.ed is: 

1. A polisi-ing apparanjs for polishing i sur:*acc of a 
wcrVpiecc. ccmiprising: 

a n:m.:cble having an abrasive cioth at an ^pzc: surccc 
thereof: 

a w'orkpiece supporing and pressing m.cmbcr fcr supnor.- 
ing -jtc workpiece'to be polished ar.d pressing the 
w-crkpiece agains: said abrri^ivc clc.h, said workpiece 
suppcring and pressing mcm.bcr com.crisin^; 2 top ring 
positioned above said rum/jibic: 

a top ring drive sha:*: coupled to iiid :cp ring: a.nd 
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